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FIELD OF THE INVENTION

The present invention relates to methods and devices for
introducing radiation to the eye, e.g., the posterior portion of
the eye, for treating and/or managing eye conditions includ-
ing but not limited to macular degeneration.

BACKGROUND OF THE INVENTION

The present invention features methods and devices for
minimally-invasive delivery of radiation to the eye, e.g., the
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posterior portion of the eye. For example, the present inven-
tion features cannulas and afterloading systems (e.g., remote
afterloading systems) for introducing radionuclide brachy-
therapy sources (RBS) to the cannulas for irradiating targets
(e.g., targets of the eye). The RBS may be, for example,
introduced into the cannula via an afterloading system fol-
lowing cannula insertion and positioning.

Any feature or combination of features described herein
are included within the scope of the present invention pro-
vided that the features included in any such combination are
not mutually inconsistent as will be apparent from the con-
text, this specification, and the knowledge of one of ordinary
skill in the art. Additional advantages and aspects of the
present invention are apparent in the following detailed
description and claims.

SUMMARY OF THE INVENTION

The present invention features methods of irradiating a
target of an eye in a patient. In some embodiments, the
method comprises (a) inserting a cannula into a potential
space between a sclera and a Tenon’s capsule of the eye of the
patient, wherein the cannula is operatively connected to an
afterloading system having a radionuclide brachytherapy
source (RBS); (b) positioning the RBS over the target; (c)
irradiating the target with the RBS; and (d) removing the
cannula.

In some embodiments, the method comprises (a) inserting
a cannula into a potential space between a sclera and a Ten-
on’s capsule of the eye of the patient, wherein the cannula is
operatively connected to an afterloading system having a
radionuclide brachytherapy source (RBS); (b) placing a distal
portion of the cannula on or near the sclera and positioning a
treatment position(s) of the cannula (e.g., of the distal portion
of the cannula) near the target; (c) advancing the RBS from
the afterloading system through the cannula (100) to the
treatment position(s) in the distal portion of the cannula; (d)
exposing the target to the RBS; (e) retracting the RBS; and (f)
removing the cannula.

In some embodiments, the method comprises (a) inserting
a cannula into a potential space between a sclera and a Ten-
on’s capsule of the eye of the patient; (b) placing a distal
portion of the cannula on or near the sclera and positioning a
treatment position(s) of the distal portion of the cannula near
the target; (c) operatively connecting an afterloading system
having a radionuclide brachytherapy source (RBS) to the
cannula; (d) advancing the RBS from the afterloading system
through the cannula to the treatment position(s) in the distal
portion of the cannula; (e) exposing the target to the RBS; and
() retracting the RBS; and (g) removing the cannula.

In some embodiments, the afterloading system comprises
(a) avault for storage of the RBS, wherein the RBS is attached
to an advancing means; (b) a guide tube extending from the
vault, wherein the guide tube is removably attachable to the
cannula; and (¢) a source-drive mechanism operatively con-
nected to the advancing means, wherein the source-drive
mechanism advances the RBS through the guide tube to the
treatment position(s) in the cannula. In some embodiments,
the source-drive mechanism retracts the RBS from the treat-
ment position(s).

In some embodiments, the source-drive mechanism com-
prises a motor. In some embodiments, the motor comprises
drive rollers or belts. In some embodiments, the source-drive
mechanism is operatively connected to a computer or other
controller. In some embodiments, the computer or other con-
troller is operatively connected to a control console, the con-
trol console allows for manipulation of the computer or other
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controller. In some embodiments, the afterloading system
measures dwell time of the RBS in the treatment position(s).

In some embodiments, the afterloading system moves the
RBS from the vault to the treatment position(s) at a rate of
between about 0.01 m/s to about 4 m/s. In some embodi-
ments, the afterloading system moves the RBS from the vault
to the treatment position(s) at a rate of between about 2 m/s.
In some embodiments, the RBS is a high-dose-rate (HDR)
source. In some embodiments, the RBS provides a dose rate
of between about 2 to 10 Gy/min to the target. In some
embodiments, the RBS provides a dose rate of between about
1 to 10 Gy/min to the target. In some embodiments, the RBS
provides a dose rate of between about 2 to 6 Gy/min to the
target. In some embodiments, the RBS provides a dose rate of
about 4.4 Gy/min to the target.

In some embodiments, the cannula comprises a distal por-
tion and a proximal portion connected by an inflection point,
the distal portion has a radius of curvature between about 9 to
15 mm and an arc length between about 25 to 35 mm and the
proximal portion has a radius of curvature between about an
inner cross-sectional radius of the cannula and about 1 meter.
In some embodiments, the cannula is flexible. In some
embodiments, the cannula has a fixed shape.

In some embodiments, the afterloader system is opera-
tively connected to the cannula after the cannula is positioned
in between the Tenon’s capsule and sclera. In some embodi-
ments, the afterloader system is operatively connected to the
cannula before the cannula is positioned in between the Ten-
on’s capsule and sclera. In some embodiments, both (a) the
afterloader system is operatively connected to the cannula
and (b) the RBS is advanced before the cannula is positioned
in between the Tenon’s capsule and sclera.

The present invention also features brachytherapy systems.
In some embodiments, the brachytherapy system comprises
(a) a cannula for insertion into a potential space between a
sclera and a Tenon’s capsule of an eye of a patient; and (b) an
afterloading system operatively connected to the cannula. In
some embodiments, the afterloading system comprises: a
vault for storage of a radionuclide brachytherapy source
(RBS), wherein the RBS is attached to an advancing means;
a guide tube extending from the vault, wherein the guide tube
is removably attachable to the cannula; and a source-drive
mechanism operatively connected to the advancing means,
wherein the source-drive mechanism advances the RBS
through the guide tube to the treatment position(s) in the
cannula. In some embodiments, the afterloader system is
attached to the cannula via a connector.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an in-use view of a cannula of the present
invention.

FIG. 2 shows a schematic view of an afterloading system
attachable to a cannula.

FIG. 3 shows a schematic view of an afterloading system of
the present invention. Afterloading systems are well known to
one of ordinary skill in the art. The present invention is not
limited to the afterloading systems described herein.

FIG. 4A shows the advancing means and RBS within the
guide tube.

FIG. 4B shows the guide tube connecting to the cannula.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Following is alist of elements corresponding to a particular
element referred to herein:
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100 cannula

110 distal portion of cannula

118 treatment position

120 proximal portion of cannula

130 inflection point of cannula

150 connector (optional)

400 radionuclide brachytherapy source (RBS)

700 afterloading system

710 vault

720 guide tube

722 advancing means (e.g., guide wire)

730 source-drive mechanism

732 motor

740 computer (e.g., microprocessor)

744 control console

Referring now to FIG. 1-4, the present invention features
methods and devices for minimally-invasive delivery of
radiation to the eye, e.g., the posterior portion of the eye. For
example, the present invention features afterloading systems
(700) (e.g., remote afterloading systems) for introducing a
radionuclide brachytherapy source (RBS) (400) to a cannula
(100). The cannula (100) may be adapted for insertion into a
potential space between the sclera and the Tenon’s capsule of
the eye of a patient.

The present methods and devices may be effective for
treating and/or managing a condition (e.g., an eye condition).
For example, the present methods and devices may be used to
treat and/or manage wet (neovascular) age-related macular
degeneration. The present methods are not limited to treating
and/or managing wet (neovascular) age-related macular
degeneration. For example, the present methods may also be
used to treat and/or manage conditions including macular
degeneration, abnormal cell proliferation, choroidal neovas-
cularization, retinopathy (e.g., diabetic retinopathy, vitreore-
tinopathy), macular edema, and tumors (e.g., intra ocular
melanoma, choroidal melanoma, retinoblastoma).

Cannula

As shown in FIG. 1, the cannula (100) comprises a distal
portion (110) and a proximal portion (120) connected by an
inflection point (130). The distal portion (110) is generally for
placement around a portion of the globe of the eye. In some
embodiments, the distal portion (110) has a radius of curva-
ture between about 9 to 15 mm and an arc length between
about 25 to 35 mm. In some embodiments, the proximal
portion (120) has a radius of curvature between about an inner
cross-sectional radius of the cannula (100) and about 1 meter.
The cannula (100), or a portion thereof, may be flexible,
fixed-shape, or a combination thereof. The cannula (100) is
not limited to the aforementioned dimensions and configura-
tions.

The cannula (100) may be operatively connected to an
afterloading system (700) having a radionuclide brachy-
therapy source (RBS) (400). The afterloading system (700)
can deliver the RBS (400) to the cannula (100) (e.g., to a
treatment position (118) of the cannula (100), to at least one
treatment position, to one or more treatment positions, etc.).
For example, the afterloading system (700) can direct the
RBS (400) to a position within the cannula (100) (e.g., a
treatment position (118), at least one treatment position, one
or more treatment positions, etc.) such that the RBS (400) is
over a target. The RBS (400) can then irradiate the target for
a length of time desired. The afterloading system (700) may
also function to remove the RBS (400) from the position
within the cannula (e.g., the treatment position(s) (118)) and
from the cannula (100) altogether. For example, the afterload-
ing system (700) may retract the RBS (400) to its starting
position outside of the cannula (100).
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The cannula (100) may comprise one or more treatment
positions (118). The afterloading system (700) may function
to deliver one or more RBSs (400) to one or more treatment
positions (118).

In some embodiments, the cannula (100) is inserted, e.g.,
into the potential space between the sclera and the Tenon’s
capsule, and is positioned appropriately prior to attachment of
the afterloading system (700). For example, the distal portion
(110) of the cannula is placed on or near the sclera and the
treatment position(s) (118) of the cannula (100) (e.g., in the
distal portion (110)) or treatment position(s), is positioned
near the target. Following placement and positioning of the
cannula, the afterloading system (700) may be connected to
the cannula. In some embodiments, the cannula (100) and the
afterloading system (700) are connected prior to insertion of
the cannula (100), e.g., into the potential space between the
sclera and the Tenon’s capsule.

Afterloading System

The afterloading system (700) may allow for accurate
placement of the RBS (400), e.g., at the treatment position(s)
(118) within the cannula (100). Afterloading systems (700)
are well known to one of ordinary skill in the art and any
appropriate afterloading system (700) may be utilized. For
example, in some embodiments, the afterloading system
(700) comprises a vault (710) for temporary housing of the
RBS (400). The RBS (400) may be attached to an advancing
means (722) (e.g., a guide wire). In some embodiments, the
RBS (400) may be incorporated into the advancing mean
(722) (e.g., guide wire). The advancing means (722) (e.g.,
guide wire) may be constructed from any appropriate mate-
rial including but not limited to nitinol and stainless steel. A
guide tube (720) extends from the vault (710) and is con-
nected to the cannula (100). In some embodiments, the guide
tube (720) connects, e.g., removably connects, to the cannula
(100) via a connector (150). In some embodiments, the con-
nector (150) is disposed on the cannula (100), e.g., on the
proximal portion (120) of the cannula (100). The advancing
means (722) directs the RBS (400) through the guide tube
(720), e.g., the advancing means (722) may be disposed in at
least a portion of the guide tube (720).

The afterloading system (700) comprises a source-drive
mechanism (730) operatively connected to the advancing
means (722) (e.g., guide wire). The source-drive mechanism
(730) functions to advance the advancing means (722) (e.g.,
guide wire) and RBS (400) through the guide tube (720) to the
treatment position(s) (118) in the cannula (100). In some
embodiments, the source-drive mechanism (730) comprises a
motor (732). In some embodiments, the motor (732) com-
prises drive rollers or belts.

In some embodiments, the afterloading system (700) com-
prises a computer (740) (e.g., a microprocessor) or other
controller (e.g., an analog or a mechanical control system).
The motor (7320) and/or source-drive mechanism (730) may
be operatively connected to the computer (740) or other con-
troller. In some embodiments, the computer (740) or other
controller is operatively connected to a control console (744).
The control console (744) allows for manipulation of the
computer (740) or other controller. For example, the control
console (744) may allow for programming of the afterloading
system (700), e.g., dwell time of the RBS (400) in the treat-
ment position(s) (118), speed of delivery of the RBS (400),
etc. In some embodiments, the afterloading system (700)
moves the RBS (400) from the vault (710) to the treatment
position(s) (118) at a rate of between about 0.01 m/s (1 cn/s)
to about 4 m/s. In some embodiments, the afterloading system
(700) moves the RBS (400) from the vault (710) to the treat-
ment position(s) (118) at a rate of about 2 m/s.
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The afterloading system (700) may measure various
parameters of the treatment. For example, in some embodi-
ments, the afterloading system (700) measures dwell time of
the RBS (400) in the treatment position(s) (118).

In some embodiments, the guide tube (720) is constructed
from a material that provides some shielding from the radia-
tion emitted from the RBS (400) as it travels through the guide
tube (720)

In some embodiments, the afterloader system (700) further
comprises a selector, for example for treatments that require
multiple applicators or cannulas (100). The selector may pro-
vide multiple channels, e.g., between 1 to 10 channels,
between 2 to 10 channels, between 2 to 20 channels, between
16 to 24 channels, between 18 to 24 channels, more than 24
channels, etc. The selector may facilitate the movement (e.g.,
entry, transfer) of the RBS (400) through multiple applicators
(e.g., cannulas (100)), if necessary.

Radionuclide Brachytherapy Source

The methods and devices of the present invention may
feature any appropriate RBS (400). In some embodiments,
the RBS (400) is a high-dose-rate (HDR) source. In some
embodiments, the RBS (400) is a low-dose-rate (LDR)
source. In some embodiments, the RBS (400) is a pulsed-
dose-rate (PDR) source. In some embodiments, the RBS
(400), e.g., HDR source, delivers a dose rate greater than 100
cGy per minute for a length of time. However the present
invention is not limited to a HDR source that delivers a dose
rate greater than 100 cGy per minute. In some embodiments,
the RBS (400) provides a dose rate of between about 2 to 10
Gy/min to the target. In some embodiments, the RBS (400)
provides a dose rate of between about 1 to 10 Gy/min to the
target. In some embodiments, the RBS (400) provides a dose
rate of between about 2 to 6 Gy/min to the target. In some
embodiments, the RBS (400) provides a doserate of about 4.4
Gy/min to the target. In some embodiments, a LDR source
provides a dose rate of less than about 2 Gy/hour. In some
embodiments, a medium-dose-rate (MDR) source provides a
dose rate of between about 2 to 12 Gy/hour. In some embodi-
ments, a HDR source provides a dose rate of greater than
about 12 Gy/hour.

In some embodiments, the RBS (400) provides a dose rate
of greater than about 10 Gy/min. In some embodiments, the
RBS (400) provides a dose rate of greater than about 11
Gy/min to the target. In some embodiments, the RBS (400)
provides a dose rate of greater than about 12 Gy/min to the
target. In some embodiments, the RBS (400) provides a dose
rate of greater than about 13 Gy/min to the target. In some
embodiments, the RBS (400) provides a dose rate of greater
than about 14 Gy/min to the target. In some embodiments, the
RBS (400) provides a dose rate of greater than about 15
Gy/min to the target. In some embodiments, the RBS (400)
provides a dose rate between about 10 to 15 Gy/min. In some
embodiments, the RBS (400) provides a dose rate between
about 15 to 20 Gy/min. In some embodiments, the RBS (400)
provides a dose rate between about 20 to 30 Gy/min. In some
embodiments, the RBS (400) provides a dose rate between
about 30 to 40 Gy/min. In some embodiments, the RBS (400)
provides a dose rate between about 40 to 50 Gy/min. In some
embodiments, the RBS (400) provides a dose rate between
about 50 to 60 Gy/min. In some embodiments, the RBS (400)
provides a dose rate between about 60 to 70 Gy/min. In some
embodiments, the RBS (400) provides a dose rate between
about 70 to 80 Gy/min. In some embodiments, the RBS (400)
provides a dose rate between about 80 to 90 Gy/min. In some
embodiments, the RBS (400) provides a dose rate between
about 90 to 100 Gy/min. In some embodiments, the RBS
(400) provides a dose rate of greater than 100 Gy/min.
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In some embodiments, the RBS (400) provides a dose rate
between about 15 to 20 Gy/min to the target. In some embodi-
ments, the RBS (400) provides a dose rate between about 20
to 25 Gy/min to the target. In some embodiments, the RBS
(400) provides a dose rate between about 25 to 30 Gy/min to
the target. In some embodiments, the RBS (400) provides a
dose rate between about 30 to 35 Gy/min to the target. Insome
embodiments, the RBS (400) provides a dose rate between
about 35 to 40 Gy/min to the target. In some embodiments,
the RBS (400) provides a dose rate between about 40 to 50
Gy/min to the target. In some embodiments, the RBS (400)
provides a dose rate between about 50 to 60 Gy/min to the
target. In some embodiments, the RBS provides a dose rate
between about 60 to 70 Gy/min to the target. In some embodi-
ments, the RBS (400) provides a dose rate between about 70
to 80 Gy/min to the target. In some embodiments, the RBS
(400) provides a dose rate between about 80 to 90 Gy/min to
the target. In some embodiments, the RBS (400) provides a
dose rate between about 90 to 100 Gy/min to the target. In
some embodiments, the RBS (400) provides a dose rate
greater than about 100 Gy/min to the target,

As used herein, the term “about” refers to plus or minus
10% of the referenced number.

Various modifications of the invention, in addition to those
described herein, will be apparent to those skilled in the art
from the foregoing description. Such modifications are also
intended to fall within the scope of the appended claims. Each
reference cited in the present application is incorporated
herein by reference in its entirety.

Although there has been shown and described the preferred
embodiment of the present invention, it will be readily appar-
ent to those skilled in the art that modifications may be made
thereto which do not exceed the scope of the appended
claims. Therefore, the scope of the invention is only to be
limited by the following claims. Reference numbers recited in
the claims are exemplary and for ease of review by the patent
office only, and are not limiting in any way. In some embodi-
ments, the figures presented in this patent application are
drawn to scale, including the angles, ratios of dimensions, etc.
In some embodiments, the figures are representative only and
the claims are not limited by the dimensions of the figures. In
some embodiments, descriptions of the inventions described
herein using the phrase “comprising” includes embodiments
that could be described as “consisting of”, and as such the
written description requirement for claiming one or more
embodiments of the present invention using the phrase “con-
sisting of” is met.

The reference numbers recited in the below claims are
solely for ease of examination of this patent application, and
are exemplary, and are not intended in any way to limit the
scope of the claims to the particular features having the cor-
responding reference numbers in the drawings.

What is claimed is:

1. A method of irradiating a target of an eye in a patient,
said method comprising:

(a) inserting a cannula (100) into a potential space between

a sclera and a Tenon’s capsule of the eye of the patient,
the cannula (100) is operatively connected to an after-
loading system (700) having a radionuclide brachy-
therapy source (RBS) (400);

(b) placing a distal portion (110) of the cannula (100) on or
near the sclera and positioning a treatment position
(118) of the distal portion (110) of the cannula (100) near
the target;

(c) advancing the RBS (400) from the afterloading system
(700) through the cannula (100) to the treatment position
(118) in the distal portion (110) of the cannula (110);
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(d) exposing the target to the RBS (400);

(e) retracting the RBS (400); and

() removing the cannula (100).

2. The method of claim 1, wherein the afterloading system
(700) comprises:

(a) a vault (710) for storage of the RBS (400), wherein the

RBS (400) is attached to an advancing means (722);

(b) a guide tube (720) extending from the vault (710), the
guide tube (720) is removably attachable to the cannula
(100); and

(c) a source-drive mechanism (730) operatively connected
to the advancing means (722), wherein the source-drive
mechanism (730) advances the RBS (400) through the
guide tube (720) to the treatment position (118) in the
cannula (100) and retracts the RBS (400) from the treat-
ment position (118).

3. The method of claim 2, wherein the source-drive mecha-
nism (730) is operatively connected to a computer (740) or
other control system.

4. The method of claim 3, wherein the computer (740) or
other control system is operatively connected to a control
console (744), the control console (744) allows for manipu-
lation of the computer (740) or other control system.

5. The method of claim 1, wherein the afterloading system
(700) measures dwell time of the RBS (400) in the treatment
position (118).

6. The method of claim 1, wherein the RBS (400) provides
a dose rate of between about 1 to 10 Gy/min to the target.

7. The method of claim 1, wherein the cannula (100) com-
prises a distal portion (110) and a proximal portion (120)
connected by an inflection point (130), the distal portion
(110) has a radius of curvature between about 9 to 15 mm and
an arc length between about 25 to 35 mm and the proximal
portion (120) has a radius of curvature between about an inner
cross-sectional radius of the cannula (100) and about 1 meter.

8. The method of claim 1, wherein the afterloader system
(700) is operatively connected to the cannula (100) after the
cannula (100) is positioned in between the Tenon’s capsule
and sclera.

9. The method of claim 1, wherein the afterloader system
(700) is operatively connected to the cannula (100) before the
cannula is positioned in between the Tenon’s capsule and
sclera.

10. The method of claim 1, wherein both (a) the afterloader
system (700) is operatively connected to the cannula (100)
and (b) the RBS (400) is advanced before the cannula (100) is
positioned in between the Tenon’s capsule and sclera.

11. A method of irradiating a target of an eye in a patient,
said method comprising:

(a) inserting a cannula (100) into a potential space between

a sclera and a Tenon’s capsule of the eye of the patient;

(b) placing a distal portion (110) of the cannula (100) on or
near the sclera and positioning a treatment position
(118) of the distal portion (110) of the cannula (100) near
the target;

(c) operatively connecting an afterloading system (700)
having a radionuclide brachytherapy source (RBS)
(400) to the cannula (100);

(d) advancing the RBS (400) from the afterloading system
(700) through the cannula (100) to the treatment position
(118) in the distal portion (110) of the cannula (110);

(e) exposing the target to the RBS (400); and

(D) retracting the RBS (400); and

(g) removing cannula (100).

12. The method of claim 11, wherein the afterloading sys-
tem (700) comprises:
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(a) avault (710) for storage of the RBS (400), wherein the
RBS (400) is attached to an advancing means (722);
(b) a guide tube (720) extending from the vault (710), the
guide tube (720) is removably attachable to the cannula
(100); and
(c) a source-drive mechanism (730) operatively connected
to the advancing means (722), wherein the source-drive
mechanism (730) advances the RBS (400) through the
guide tube (720) to the treatment position (118) in the
cannula (100) and retracts the RBS (400) from the treat-
ment position (118).
13. The method of claim 12, wherein the source-drive
mechanism (730) is operatively connected to a computer
(740) or other control system.

14. The method of claim 13, wherein the computer (740) or 15

other control system is operatively connected to a control
console (744), the control console (744) allows for manipu-
lation of the computer (740) or other control system.

15. The method of claim 11, wherein the afterloading sys-
tem (700) measures dwell time of the RBS (400) in the treat-
ment position (118).

16. The method of claim 11, wherein the RBS (400) pro-
vides a dose rate of between about 1 to 10 Gy/min to the
target.

17. The method of claim 11, wherein the cannula (100)
comprises a distal portion (110) and a proximal portion (120)
connected by an inflection point (130), the distal portion
(110) has a radius of curvature between about 9 to 15 mm and
an arc length between about 25 to 35 mm and the proximal
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portion (120) has a radius of curvature between about an inner
cross-sectional radius of the cannula (100) and about 1 meter.
18. A method of irradiating a target of an eye in a patient,
said method comprising:
(a) inserting a cannula (100) into a potential space between
a sclera and a Tenon’s capsule of the eye of the patient,
the cannula (100) is operatively connected to an after-
loading system (700) having a radionuclide brachy-
therapy source (RBS) (400);
(b) positioning the RBS (400) over the target;
(¢) irradiating the target with the RBS (400); and
(d) removing the cannula (100).
19. The method of claim 18, wherein the afterloading sys-
tem (700) comprises:
(a) a vault (710) for storage of the RBS (400), wherein the
RBS (400) is attached to an advancing means (722);
(b) a guide tube (720) extending from the vault (710), the
guide tube (720) is removably attachable to the cannula
(100); and
(c) a source-drive mechanism (730) operatively connected
to the advancing means (722), wherein the source-drive
mechanism (730) advances the RBS (400) through the
guide tube (720) to a treatment position (118) in the
cannula (100).
20. The method of claim 19, wherein the source-drive
mechanism (730) is operatively connected to a computer
(740) or other control system.
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